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ABSTRACT 



A memory module for an electronic device is disclosed 
which provides means for reducing the amount of power 
necessary to access a desired munber of data bits. This 
provides a design of memory modules which requires fewer 
DRAMs to be turned on during a read or write cycle than 
present module designs, thereby using much less power. 
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A memory module for an electronic device is disclosed which provides means 
for reducing the amount of power necessary to access a desired number of data 
bits. This provides a design of memory modules which requires fewer DRAMs to 
be turned on during a read or write cycle than present module designs, thereby 
using much less power . 
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A memory device which uttiizes a plurality of memory 
modules coupled in parallel to a master I/O module through 
a bus. Each memory module has independent address a^ 
command decoders to enable independent operation. Thus 
each memory module is activated by commands on the bus 
only when a memory access operation is performed within 
the particular memory module. Each memory module has a 
programmable identification register which stores a com* 
munication address of the module. The communication 
address for each module can be changed dtiring operation of 
the memory device by a command fmm the bus. The 
memory device includes redundant memory modules to 
replace defective memory modules. Replacement can be 
carried out througih commands on the bus. 
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ABSTRACT 



A computer memory system has multiple memory 
banks, only one of which can be accessed at any one 
instant in time. A menrory bank decoder determines 
which of the memory banks is being accessed. The 
decoded bank enable signals generated by the decoder 
are used to send memory clocking signals only to the 
memory bank which is being accessed. In addition, each 
memory bank includes a clocked address signal buffer 
and a clocked data signal bufter. Oock signals are sent 
only to the address and data buffers in the memory bank 
which is being accessed. As a result, only the selected 
memory bank has its addrm and data buffers updated. 
All the other memory banks remain in a quiescent state, 
because no control signal, address signals or data sig- 
nals are sent to those memory banks. This eliminates the 
energy usage that would otherwise be associated with 
the idle memory banks, including both the energy used 
by the memory cliips in the idle memory banks, as well 
as the energy associated with changing the state of the 
address and data tines connected to those memory 
chips. 
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ABSTRACT 



A memory modide for an electronic device is disclosed 
which provides means for reducing the amount of power 
necessary to access a desired number of data bits. This 
provides a design of memory modules which requires fewer 
DRAMs to be turned on during a read or write cycle than 
present module designs, thereby using much less power. 
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TITLE: 



System using registers for maintaining data address and 
class infornnation from previous module accesses for 
predictive memory module selection 
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Detailed Description Text - DETX (14): 

Since at each memory operation, one and only one nnodule is selected, the 
power consumption of the memory 3 is greatly reduced if compared \A/ith the prior 
art memories where, in order to increase the operative speed, all the memory 
modules are concurrently activated. Further such reduced consumption is 
substantially independent of the number of modules, which may be increased at 
will, without impact on the powering devices. 
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Bcture in which 
5S are connected 
" patent 

hained Circuit Modules" 
and T. Tatennatsu, 
Scale Mennory", 
SS^^nS^ ration, January 



1991, pp. 12-18. [dedicated lines]). In neither case are the circuit modules 
connected in parallel to a conrimon bus, 

(14) Prior art memory devices having a high I/O data bandwidth typically use 
several memory arrays simultaneously to handle the high bandwidth requirement. 
This is because the individual memory arrays in these devices have a much lower 
bandwidth capability than the I/O requirement. Examples of such prior art 
schemes include those described by K. Dosaka et al, "A 100-MHz 4-Mb Cache DRAM 
with Fast Copy-Back Scheme", IEEE Journal of Solid-State Circuits, Vol. 27, No. 

11, November 1992, pp. 1534-1539; and M. Farmwald et al, PCT Patent document 
PCT/US91/02590. 

(15) Traditional memory devices can operate either synchronously or 
asynchronously, but not both. Synchronous memories are usually used in systems 
requiring a high data rate. To meet the high data rate requirement, 
synchronous memory devices are usually heavily pipelined. (See, e.g., the 
scheme described in "250 Mbyte/s Synchronous DRAM Using a 3-Stage-Pipelined 
Architecture". Y. Takai etal, IEEE JSSC, vol, 29, no. 4, April, 1994, pp, 
426-431.) The pipelined architecture disclosed in Y, Takai etal, causes the 
access latency to be fixed at 3 clock cycles at all clock frequencies, thereby 
making this synchronous memory device unsuitable for systems using lower clock 
frequencies. For example, when operating at 50 Mhz the device has an access 
latency of 60 ns (conrpared to an access latency of 24 ns when operating at 125 
Mhz). 

(16) Conventional asynchronous memory devices, due to the lack of a pipeline 
register, maintain a fixed access latency at all operating frequencies. 
However, the access cycle time can seldom be substantially smaller than the 
access latency. Consequently, asynchronous devices are unsuitable for high 
data rate applications. 

(17) Thus, it would be desirable to have a memory device which provides a 
high through-put, low latency, high noise immunity, I/O scheme which has a 
symmetrical swing around one half of the supply voltage. 

(18) It would also be desirable to have a memory device wtiich can be-accessed 
both synchronously and asynchronously using the same set of connection pins. 

(19) Moreover, it would be desirable to have a nnemory device which provides a 
high data bandwidth and a short access time. 

(20) It would also be desirable to have a memory device which is organized 
into small memory arrays, wherein only one array is activated for each normal 
memory access, whereby the memory device has low power dissipation. | 
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increasing the defect tolerance of the mennory device, (ii) It significantly 
reduces power consunnption of the nnemory device when connpared to traditional 
memory devices because each memory access is handled completely by one memory 
module only with only one of the arrays activated, (iii) Since each memory 
module is a complete functional unit, the memory module architectures allovy/s 
parallel accesses and multiple memory module operations to be performed witiiin 
different memory nrodules, thereby increasing the perfornnance of the memory 
device, (iv) The memory module architecture allows the memory device to handle 
multiple memory accesses at the same time. 

(28) The circuit- module architecture of tine present invention furtiner allows 
easy system expansion by connecting multiple memory devices in parallel through 
a common I/O bus which is an extension of tine on chip bus. In addition, by 
incorporating redundant memory nnodules on each memory device and allowing each 
memory psjgy^iiLji^si^^j^ l/(^ bus 



system, tii 
better tinaii 



(29) Ino 
redundani 
support tri 




h is 



lude 
|)dules to 

^ I s also 

provided to replace defective rows and columns with tiie redundant rows and 
columns during operation of the memory device. 

(30) The memory devices in accordance with the present invention are able to 
span address spaces which are not contiguous by controlling the communication 
addresses of the memory modules. Furthermore, the address space spanned by tine 
memory devices can be dynamically modified both in location and size. This is 
made possible by tine incorporation, in each memory nnodule, of a progrannmable 
identification (ID) register which contains the base address of tine memory 

module and a mechanism which decommissions tine module from acting on certain 
memory access commands from tiie bus. The present invention tiieref ore provides 
for a memory device witii dynamically reconfigurable address space. Dynamically 
reconfigurable address space is especially useful in virtual memory systems in 
which a very large logical address space is provided to user progranns and tine 
logical address occupied by the programs are dynamically mapped to a much 
smaller physical memory space during program execution. 

(31) Each memory array in tine present design is equipped with its own row and 
column address decoders and a special address sequencer which automatically 
increments address of tine column to be accessed. Each memory array has data 
amplifiers which amplify Vr\e signals read from the memory array before tine 
signals are ti^ansmitted to tine lines of the DASS bus. Both tine address 
sequencer and data amplifiers increase the signal bandwidth of the memory 
array. Consequently, each nnemory array is capable of handling the I/O data 
bandwidth requirement by itself. This capability nnakes multiple bank 
operations such as broadcast-write and interleaved-access possible. For 
example, a nnemory device in accordance witii tine present invention is able to 
handle a broadcast-write bandwidth of over 36 gigabytes per second and 36 
memory operations simultaneously. 
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US-PAT-NO: 5036493 
DOCUMENT-IDENTTIFIER: US 5036493 A 

TITLE: System and method for reducing pQ\A;er usage by multiple 

memory modules 



-- KWIC 



TITLE -Tl (1): 

System and method for reducing poNA/er usage by multiple memory nnodules 



Brief Summary Text - BSTX (1): 

The present invention relates generally to computer systems having two or 
more memory banks or nnodules and particularly to nnethods and systems for 
reducing the amount of power consumed by such memory modules . 
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TITLE: 



Low power memory module using restricted RAM activation 
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AbstractText- ABTX(1): 

A memory module for an electronic device is disclosed which provides means 
for reducing the amount of power necessary to access a desired number of data 
bits. This provides a design of memory modules which requires fev\er DRAMs to 
be turned on during a read or write cycle than present module designs, thereby 
using much less power . 



Brief Summary Text - BSTX (11): 

An object of this invention is to provide a memory module design which uses 
less power than previous modules 
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Brief Sunnmary Text - BSTX (4): 

Computer systems and computer components are being developed to operate 
using lower and lower voltages. It is currently typical for older systems to 
operate with 5 volts and for newer systems to operate with 3.3 volts. As 
systems are developed to operate with lower voltages, problems of compatibility 
between systems and add-on components can occur. For example, a purchaser of a 
new system using a lower voltage than the old one may wish to continue using 
add-on memory modules from the old system because buying new memory modules 
would be expensive. Even though 3.3 volt systems are able to supply both 3.3 
and 5 volts to components, current 3.3 volt systems incur difficulties when 
using previous, 5 volt components. For example, it may be necessary to provide 
special connponent sockets and cards for each voltage to prevent a component 
card from inadvertently being inserted in a socket with an improper voltage, 
causing it to be damaged. Supplying extra sockets on a system printed circuit 
board, however, uses up board space, which should be avoided. 



